Abstract >> Polymer electrolyte membrane (PEM) fuel cell stacks are constructed by stacking several to hundreds of unit cells depending on their power outputs required. Fuel and oxidant are distributed to each cell of a stack through so-called manifolds during its operation. In designing a stack, if the manifold sizes are too small, the fuel and oxidant would be maldistributed among the cells. On the contrary, the volume of the stack would be too large if the manifolds are oversized. In this study, we present a three-dimensional computational fluid dynamics (CFD) model with a geometrically simplified flow-field to optimize the size of the manifolds of a stack. The flow-field of the stack was simplified as a straight channel filled with porous media to reduce the number of computational meshes required for CFD simulations. Using the CFD model, we determined the size of the oxidant manifold of a 30 kW-class PEM fuel cell stack that comprises 99 cells. The stack with the optimal manifold size showed a quite uniform distribution of the cell voltages across the entire cells.
Model Description
A geometrical simplification method for the flow-fields of a stack is employed to reduce the number of meshes for the three-dimensional CFD analysis. Because the major concern is not the flowfields but the manifolds in predicting fluid patterns inside the manifolds, the flow-fields can be geometrically simplified under the assumption that the fluid patterns can be preserved inside the manifolds if an appropriate approximation is made for the flow-fields. In this study, a simple approximation based on Darcy's law 8) is used for the flow-field of each cell which is simplified as a straight channel filled with a porous media through which the pressure drop is expressed as a function of the gas velocity as follows:
where Δp denotes the pressure drop through a channel (Pa), u is the superficial gas velocity through a channel (m/s), and α (Pa·s through the straight channel must be equivalent to that through the original flow-field. Consequently, the total number of meshes generated on the stack can be largely reduced up to one hundredth of that generated on the original flow-field because it is not necessary to generate the meshes on the flow-field region.
A commercial CFD code STAR-CD 9) was used to solve the following partial differential equations governing fluid dynamics in the stack after combining the porous media model described in Eq. (1) into the differential equations:
Continuity equation:
Momentum equation:
where x i denotes Cartesian coordinate (i=1, 2, and 
Model Validation
We have to first find the gas permeability coefficients α and β in Eq. (1). The pressure drops through the However, it was reduced by about one fourth for the simplified model owing to the simplified geometry of the flow-field. Consequently, the CPU time required for obtaining convergence solutions was considerably reduced by nearly one seventh as summarized in Table 1 .
Simulation results from the simplified model were compared with those from the full model. Fig. 4 illustrates comparison of the distributions of velocity magnitudes inside the oxidant manifolds between the full and simplified models. As can be seen in the figure, the distributions of velocity magnitudes predicted from the two models are very similar to each other. 
Results and Discussion
The sizes of the oxidant manifold of a 30 kW-class stack were determined using the three-dimensional CFD model integrated with a simplified geometry for is expected that the geometrical simplification method can be effectively applied to design the manifolds of PEM fuel cell stacks.
Conclusions

